Left atrial appendage (LAA) flow velocities prior to electrical cardioversion were recorded using transesophageal pulsed Doppler echocardiography to predict initially successful cardioversion of isolated atrial fibrillation (AF). Patients with AF were placed into either a success group (19 patients) in which sinus rhythm was maintained for at least 2 days or a failure group (12 patients). The duration of AF was shorter in the success group. The maximum left atrial diameter was the same for the two groups. The maximum LAA area was smaller in the success group. The maximum forward and backward LAA velocities were greater in the success group, as were the mean forward and backward LAA velocities. In the patients with mean LAA flow velocities greater than 19cm/sec, the success of cardioversion could be predicted with high sensitivity (80%) and specificity (88%). We conclude that the duration of AF, the maximum LAA area, and LAA flow velocities prior to cardioversion predict the initial recovery of sinus rhythm for isolated AF. (Jpn Heart J 1997; 38: 487-495) 
AF often recurs after cardioversion, it is clinically very important to predict the long-term success before performing cardioversion.
Recently, detailed studies of left atrial appendage (LAA) function and LAA flow velocity have been facilitated by the use of transesophageal echocardiography. As a result, we have been able to assess the mechanism of thrombus formation at the time of cardioversion and determine the indications for anticoagulant therapy,3,4) as well as determine LAA function and flow velocity patterns in normal volunteers5) and patients with AF.6) In this study, LAA flow velocity patterns in patients with isolated AF were recorded prior to electrical cardioversion by transesophageal pulsed Doppler echocardiography. These patterns were then used to predict the initial success of cardioversion in maintaining sinus rhythm.
PATIENTS AND METHODS

Study population:
The study was performed between July 1993 and February chronic isolated AF who were referred to our hospital for transesophageal echocardiographic evaluation, and were receiving no treatment at the time of the study. All patients had no other cardiac disease as assessed by clinical examination and transthoracic echocardiography. None of the patients had evidence of a history of hypertension, left ventricular systolic dysfunction or left ventricular hypertrophy. Electrical cardioversion: Two to 3 weeks prior to cardioversion, anticoagulant therapy with warfarin was started in all patients. Transesophageal echocardiography was performed after adequate anticoagulation was achieved, and the absence of left atrial thrombus was confirmed. Thiamylal sodium (4mg/ kg) and pentazocine (15mg) were administered intravenously, and electrical cardioversion was performed. Cardioversion was performed using a defibrillator equipped with external paddles (Fukuda Electronics Inc., Tokyo, Japan). The initial cardioversion was attempted with 100J of energy. If three attempts using 300J were unsuccessful, cardioversion was regarded as a "failure". The 31 patients with AF were divided into a success group (19 patients) spray. The transesophageal probe was introduced into the esophagus with the patients lying in the left lateral decubitus position. The transmitral and pulmonary venous flow velocity patterns were recorded using the pulsed Doppler method. The peak early diastolic transmitral flow velocity was measured in the former, and the peak systolic and early diastolic pulmonary venous flow velocities were measured in the latter (Figure 1 , left and middle). Interatrial septal motion was recorded in a horizontal plane that included the right and left atria using Mmode echocardiography. The maximum left atrial diameter and the maximum amplitude of the interatrial septal motion were also measured ( Figure 1 , right). For each measurement, the mean of measurements from five consecutive cardiac cycles during relatively stable R-R intervals were used.
Using a horizontal plane that included the left atrium and LAA, the LAA flow velocity pattern was recorded at a site in LAA 1cm distal to its orifice ( Figure 2 , left). From this LAA flow velocity recording, the maximum forward and backward LAA flow velocities were calculated as the mean of maximum velocities in five consecutive cardiac cycles during relatively stable R-R intervals. Furthermore, the mean forward and backward LAA flow velocities from five random cardiac cycles at relatively stable R-R intervals were determined. Using a longitudinal plane that included the left atrium and LAA, the maximum and minimum LAA areas were measured (Figure 2 , right), and the % change in area The maximum and minimum LAA areas were visually identified, and the mean values calculated from five cardiac cycles at relatively stable R-R intervals were used. The presence or absence of thrombus or spontaneous echo contrast was examined in transverse and longitudinal planes that included the left atrium and LAA. Instruments:
Transesophageal echocardiography was performed using commercially available ultrasound diagnostic systems (Toshiba SSH-160A, Toshiba Corp., Tokyo, Japan and Aloka SSD-870, Aloka Co., Ltd., Tokyo) with a 5-MHz biplane transesophageal probe.
tistical analysis was performed using the unpaired Student's t test. A p value <0.05 was considered statistically significant.
RESULTS
Age, heart rate, and duration of AF: There was no significant difference in age between the success and failure groups. However, the heart rate prior to cardioversion was significantly higher in the success group than in the failure group (p<0.01, Table) . The duration of AF, based on clinical history and/or previous electrocardiograms, was significantly shorter in the success group than in the failure group (p<0.001).
Maximum left atrial diameter and maximum amplitude of interatrial septal motion: The maximum left atrial diameter was slightly smaller in the success group than in the failure group, but this difference was not statistically significant (Table) . There was no significant difference in the maximum amplitude of interatrial septal motion between the two groups. Transmitral and pulmonary venous flow velocities: There were no significant differences in the peak early diastolic velocity of the transmitral flow, or the peak systolic and early diastolic velocities of the pulmonary venous flow between the two groups (Table) . LAA flow velocity: The maximum forward and backward LAA flow velocities were significantly greater in the success group than in the failure group (p<0.001 and p<0.002, respectively, Table) . The mean forward and backward LAA flow velocities were also significantly greater in the success group than in the failure group (both p<0.0001). In patients with mean forward and backward LAA flow velocities greater than 19cm/sec, the success of cardioversion could be predicted with a sensitivity of 80% and a specificity of 88% ( Figure 3 ). LAA area: The maximum LAA area was significantly smaller in the success group than in the failure group (p<0.05, Table) . The success group tended to have a slightly greater percent change in LAA area compared to the failure group, but this difference was not statistically significant. Thrombi and spontaneous echo contrast: In all 31 patients, no left atrial or LAA thrombi were observed prior to cardioversion. Spontaneous echo contrast was observed prior to cardioversion in 4 patients from the failure group, and remained following cardioversion.
DISCUSSION
It has been reported that a lack of active left atrial contraction in patients with AF causes left atrial blood stagnation and a high incidence of left atrial thrombi and systemic emboli.7) In particular, patients with mitral stenosis are known to have a high incidence of AF, and these thromboembolic complications may be due to left atrial and LAA enlargement and increases in left atrial pressure. Transesophageal echocardiography has facilitated examination of the left atrium and LAA. Therefore, there have been a number of reports on the relationship between LAA flow velocity patterns and thrombus formation,8,9) and on the mechanism of thrombus formation at the time of cardioversion.10) In general, LAA flow velocity shows a 4-peak pattern in subjects in sinus rhythm,5) but an irregular serrated pattern is observed in patients with AF.11) The maximum LAA flow velocity is reported to be lower in patients with thrombi or spontaneous echo contrast in the LAA compared to patients without either.4,8,9) Thus, blood stagnation in the LAA is closely related to thrombus formation. In the present study, the percent change in LAA area cannot be used as a parameter for the prediction of initially successful cardioversion. The reason this is true is because ideally the LAA ejection fraction should be calculated using LAA area measurements during sinus rhythm.3) However, because patients with AF lack active atrial contraction, the percent change in LAA area was calculated using the maximum and minimum LAA areas from one cardiac cycle in this study. Using this method, it is difficult to assess accurately changes in the LAA area in one cardiac cycle. In this study, no changes in thrombus formation or spontaneous echo contrast were observed after cardioversion. However, it has been reported that some patients with spontaneous echo contrast prior to cardioversion had a transient increase in the amount of spontaneous echo contrast immediately after cardioversion or formed left atrial thrombi.25) These findings suggest that the recovery of sinus rhythm cannot be expected after cardioversion in patients with markedly low LAA velocities, even though thrombus formation or spontaneous echo contrast are not detected in the left atrium and/or LAA prior to cardioversion. Therefore, the indications for cardioversion require careful consideration.
In conclusion, the duration of AF, and maximum and mean velocities of the forward and backward LAA flow prior to cardioversion, are good indicators for predicting initially successful cardioversion in patients with isolated AF.
